The Illinois soil nitrogen (N) test (IsNT) and the solvita Labile Amino-Nitrogen (sLAN) test are chemical analyses that estimate the concentrations of soil labile N. The sLAN uses the same reagent as the IsNT but is a relatively new test with limited field data available. This study was conducted across 6 yr (2008-2013) to determine if concentrations of sLAN-N and IsNT-N are correlated in soils under predominantly kentucky bluegrass (Poa pratensis L.) and tall fescue [Schedonorus arundinaceus (schreb.) Dumort.] lawn turf and to compare the response of sLAN-N and IsNT-N concentrations in relation to varying organic fertilizer rates. separate randomized complete block field experiments were established in Connecticut on the two species with varying rates of an organic fertilizer to create a wide range of labile soil N concentrations. soil samples were collected in the spring of each year and analyzed for concentrations of IsNT-N and sLAN-N. For all years and each species, and for pooled years and species, sLAN-N concentrations were positively and significantly (P < 0.05) correlated with IsNT-N concentrations. Correlations were strongest (r > 0.80) at Year 6 of the study. Furthermore, sLAN-N and IsNT-N concentrations increased linearly (P < 0.05) in response to organic fertilizer rate, but the rate of change was greater for IsNT-N. The data suggest that the sLAN test is generally well correlated with the IsNT and may offer an easy and rapid soil analysis to guide N fertilization. Abbreviations: ISNT, Illinois soil nitrogen test; SLAN, Solvita labile amino nitrogen; SOM, soil organic matter.
The Solvita Labile Amino-Nitrogen (SLAN) test is a chemical analysis that measures labile soil N via alkali hydrolysis: a dried, sieved soil sample is incubated with a NH 3 -sensing gel probe and a solution of 2 mol L -1 sodium hydroxide (NaOH) in an enclosed vessel for 24 h at room temperature (Brinton, 2016) . This is not to be confused with the Sufficiency Level of Available Nutrients (also abbreviated as SLAN) concept of determining adequate or sufficient concentrations of soil extractable nutrients that result in nonlimiting plant growth and/or quality. Herein, SLAN refers to the Solvita labile amino-N test. The SLAN test was originally applied to measure NH 3 volatilization from compost and manures (Changa et al., 2003) . The relationship of the color change to NH 3 emissions was found to closely correlate to accumulation of NH 4 during composting, presumably from the decomposition of proteins and urea converting into free NH 3 as the pH rises (Changa et al., 2003; Wang et al., 2004) . In soil, the pH is rarely sufficiently high to generate free NH 3 from NH 4 that may be present; therefore, the SLAN test uses NaOH to increase the pH. The NH 3 molecules released by the NaOH volatilize and diffuse into the probe gel, and the probe gel changes color. The amount of NH 3 generated is measured by matching to a color chart or colorimetrically with a digital reader over a range of 0 to 2 mg NH 3 -N. Presumably, the SLAN test measures a similar fraction of soil labile N as the ISNT. Because both tests use the same alkali solution (2 mol L -1 NaOH), amine (-NH 2 ) groups from various organic molecules (primarily amino sugars , ammonium (NH 4 ) , and some amide-N [Kwon et al., 2009] ) in soil labile N fractions are hydrolyzed and become ammonia (NH 3 ). Some procedural differences between the two tests are that the SLAN test has a longer incubation period (24 h) and is performed entirely at room temperature, whereas the ISNT requires heating but a shorter incubation time. Because the SLAN test requires fewer reagents and does not require precise heating, it is more likely to be adopted as a method to estimate soil mineralization potential than the ISNT.
Currently, there are few reports in the literature on the SLAN test under field soil conditions. Soil samples taken in May from a silt-loam soil in upper New York State had higher SLAN-N concentrations than those from soil samples taken 6 wk later, suggesting that timing of sampling may be an important consideration with this test (Salon et al., 2016) . On a loam soil in Michigan, SLAN-N was unaffected by soil moisture, temperature, and precipitation 14 d prior to each measurement, but test results were significantly higher in the autumn for different cover crops in different years when compared with a no-cover-crop treatment (Rutan, 2017) . In a multiyear study on the effects of cover crops on vegetable crops, the SLAN test (and other soil health tests) did not consistently detect treatment differences or consistently show significant, positive correlations with soil quality and crop yield (Chahal and Van Eerd, 2018) . In Snake River Plain soils in Idaho (primarily silt loams, some loams, and one each of a loamy sand, sandy loam, and sand), the SLAN test was not sensitive enough to measure mineralizable N because most samples were below the detection limit for that test (Rogers et al., 2018) .
There are no reported studies comparing the ISNT with the SLAN test in soils in general and none specifically in turfgrass systems. Therefore, the objectives of this study were (i) to determine the correlations between SLAN-N and ISNT-N concentrations in soils collected from cool-season turfgrass lawns and (ii) to compare the response of SLAN-N and ISNT-N concentrations in relation to varying organic fertilizer rates applied to cool-season turfgrass lawns.
MATerIALs AND MeTHODs

Field plot Layout and Management
A field experiment was conducted at the Plant Science Research and Education Facilities at the University of Connecticut, Storrs (41° 47' N, 72° 13' W; 203 m asl) from 2008 through 2013. The plots were located on a Paxton finesandy loam soil (a coarse-loamy, mixed, active, mesic Oxyaquic Dystrudept). Soil characterization at the beginning of the study is shown in Table 1 .
On 3 Sept. 2007, separate stands of a turf-type tall fescue blend (including the cultivars 'Crossfire II' , 'Dynasty' , and 'Shortstop II') and of Kentucky bluegrass ('America') were established 20 m apart from each other. Kentucky bluegrass was seeded into the plots at a rate of 2.2 kg ha -1 and tall fescue at -----cmol c kg -1 -----Cation exchange capacity ‡ ‡ 6.2 ± 0.22 6.0 ± 0.36 † 1:1 soil/water (McLean, 1982) . ‡ Modified Mehlich buffer (no preservative; Mehlich [1976] ). § Modified Morgan extraction (McIntosh, 1969) followed by inductively coupled plasma atomic emission spectroscopy. ¶ Modified Morgan extraction (McIntosh, 1969) followed by chlorostannous acid colorimetric analysis (Kuo, 1996) . # Loss on ignition (Ball, 1964) . † † Combustion (Bremner, 1996) . ‡ ‡ Estimated from the sum of cations (Ross and Ketterings, 2011) . a rate of 6.7 kg ha -1 . Nested within these separate stands were randomized complete block design experiments with three replicates. Plot sizes were 1 ´ 1 m. Treatments were rates of an organic fertilizer (Suståne all natural 5-0.87-3.3 [N-P-K]; Suståne Natural Fertilizer, Inc., Cannon Falls, MN) to supply 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 300 , and 400 kg of readily available N ha -1 (the manufacturer estimates that 20% of the total N in the organic fertilizer is or becomes readily available to plants during the first year after application). A nonfertilized control plot was included for each species. The organic fertilizer was applied by hand to the plots before seeding and incorporated to a depth of 15 cm using a rototiller. The organic fertilizer was reapplied to the established plots in November or early December of each successive year from 2008 to 2013, except for 2011. During these reapplications, the plots were solid-tine aerified, and then the organic fertilizer was applied and raked by hand into the aerification holes.
Plots were mowed (Scag Tiger Cub; Scag Power Equipment, Mayville, WI) to a height of 75 mm as needed. Clippings were generally returned, although once a month the plots were mowed at 83 mm and clippings were removed using a Toro SR4 Super Recycler push mower (The Toro Company, Bloomington, MN) so that clippings yields and foliar N concentrations could be determined for a different study. Supplemental irrigation was applied as needed to prevent wilt (this was infrequent). Pest control for broadleaf weeds, annual grassy weeds, and white grubs (Scarabaeidae) was applied as needed.
soil sampling and Analyses
Beginning in 2008, soil samples were taken from each plot in late April or early May of each year. Four soil cores were taken from the centers of each plot to a depth of 10 cm below the thatch layer using an 18-mm-diameter soil probe and composited into a single sample for each plot. Samples were air-dried and sieved to 2 mm without grinding. Soil samples were analyzed for concentrations of ISNT-N following the procedures of during the year they were collected (reported in Geng et al., 2014 ) and for SLAN-N using the Solvita Labile Amino-Nitrogen gel probe system (Woods End Laboratories, Inc., Mount Vernon, ME) in 2015 and 2016 on archived soil samples collected by Geng et al. (2014) , following company guidelines (Brinton, 2016) . For the SLAN test, a dried and sieved 4-g soil sample was placed into a 50-mL plastic cup, which was placed in a 250-mL glass jar. Then, 20 mL of 2 mol L -1 NaOH were added directly to the soil sample. A colorimetric NH 3 -sensing probe was placed in the glass jar in the air space surrounding the small plastic cup. The glass jar was sealed with a silicone-gasketed lid and left at room temperature for 24 h. After incubation, the probe's color was read with a digital color reader (DCReader; Woods End Laboratories, Inc.) to determine the amount of NH 3 volatized from the sample and reported in mg kg -1 .
statistical Analysis
Statistical analyses were performed using various procedures of the SAS/STAT 14.3 software (SAS Institute, Inc., 2017). Correlation coefficients between SLAN-N and ISNT-N concentrations were determined by using the CORR procedure. Differences between correlation coefficients were determined by using the Fisher's r to z transformation (Fisher, 1973) . The CORR procedure was used for this analysis following coding used in Example 2.4 Applications of Fisher's z Transformation in the Base SAS 9.4 Statistical Procedures Guide (SAS Institute Inc., 2016). Differences between three or more correlation coefficients were determined using a Tukey-like separation test (Levy, 1977) coded in SAS (Williams and LeBlanc, 1995) . The REG procedure was used to analyze data for simple linear regression models. The GLM procedure, with a covariate model and the TYPE I sum of squares option, was used to determine homogeneity of slopes and intercepts when two linear regression models were compared. The GLIMMIX procedure was used to determine homogeneity of slopes and intercepts when three or more linear regression models were being compared with a covariate model using the HTYPE = 1 option in the MODEL statement and the ESTIMATE statement with ADJUST = T (Fisher's LSD test) and STEPDOWN options. For all statistical analyses, a was set at 0.05.
resULTs
Correlations Between Illinois soil Nitrogen Test and solvita Labile Amino-Nitrogen Test Concentrations
For all years, all species, and combined years and species, the correlations between ISNT-N and SLAN-N concentrations were significant (P < 0.05) and positive ( Fig. 1) . Generally, correlation coefficient (r) values for years within a species, or with both species combined, were significantly (P < 0.05) greater in 2013 at the end of the study compared with the beginning of the study in 2010 ( Fig. 1 , lower-case letter comparisons). Within years when r values were significantly (P < 0.05) different between species (2009, 2011, and 2008-2013) , tall fescue had greater r values than Kentucky bluegrass ( Fig. 1 , uppercase letter comparisons).
For all years, all species, and combined years and species, the ISNT generally had significantly greater variability than the SLAN test, as measured by the coefficient of variation ( Table 2) .
response of Illinois soil Nitrogen Test and solvita Labile Amino-Nitrogen Test Concentrations to Organic Fertilizer Available Nitrogen rates
In all cases, the response of ISNT-N and SLAN-N concentrations to varying organic fertilizer available N rates was positive, linear, and significant (P < 0.0001 for ISNT-N and P < 0.0001-0.042 for SLAN-N) ( Table 3 ; Fig. 2 ). Generally, all regression model parameters (intercepts, slopes, r 2 ) for years within each species, or species combined, were significantly (P < 0.05) greater for the later years of the study compared with the earlier years of the study (Table 3 , lowercase letter comparisons). The exception was for yearly r 2 values for ISNT-N concentrations within Kentucky bluegrass, where no significant (P > 0.05) differences were found, even though an increasing trend across years was observed. When differences for ISNT-N and SLAN-N linear regression model parameters (intercepts, slopes, r 2 ) between species within each year were significant (P < 0.05), values were always greater for tall fescue (Table 3 , uppercase letter comparisons).
Both slopes and intercepts for all linear regression models for ISNT-N concentrations and organic fertilizer available N rates were significantly (P < 0.0001) greater than slopes and intercepts of the linear regression models for SLAN-N concentrations and organic fertilizer available N rates (Table 3) . Within Kentucky bluegrass, yearly r 2 values were significantly (P = 0.0002-0.038) greater for ISNT-N than for SLAN-N for 2008 to 2012, but in 2013 the ISNT-N and SLAN-N r 2 values were not significantly (P > 0.05) different. Within tall fescue, r 2 values between ISNT-N and SLAN-N were significantly (P = 0.0427) differ-ent only in 2008, the first year of the study. When species responses were combined, no differences in r 2 values were observed in 2012 and 2013. When significant differences in r 2 values were observed, ISNT-N r 2 values were always greater than SLAN-N r 2 values.
DIsCUssION
Correlations Between Illinois soil Nitrogen Test and solvita Labile Amino-Nitrogen Test Concentrations
We obtained good correlations between two similar laboratory tests used to estimate the same labile N fraction of SOM. The increasing strength of the correlation with time (r > 0.80 by 2013) was probably due to extending the range of concentrations of both tests toward the higher end by the repeated organic fertilizer applications, which probably increased the amounts of labile N released during decomposition and mineralization of that amendment. It is logical that the ISNT and SLAN test are well correlated because the same alkali hydrolyzing solution at the same concentration (2 mol L -1 NaOH) is used in both analyses. Assuming soil handling and pretreatment effects are the same for both tests, any variation in test results, therefore, should be a result of either temperature, 2008-2013 25.9 ‡ 15.1 † ISNT-N CV significantly greater than SLAN-N CV at P < 0.01 following procedures of Miller (1991) . ‡ ISNT-N CV significantly greater than SLAN-N CV at P < 0.001 following procedures of Miller (1991) . § ISNT-N CV significantly greater than SLAN-N CV at P < 0.05 following procedures of Miller (1991) . Fig. 1. Correlation coefficients (r) of Illinois soil nitrogen test (IsNT-N) concentrations with solvita labile amino-nitrogen test concentrations (sLAN-N) for predominantly kentucky bluegrass and tall fescue lawn turf from a study conducted from 2008 through 2013 in storrs, CT. *significant at P < 0.05; **significant at P < 0.01; ***significant at P < 0.001. Correlation coefficients within a column followed by the same lowercase letters are not significantly different, and correlation coefficients across a row followed by the same uppercase letters are not significantly different according to a Tukey-like separation test (Levy, 1977 ) at a = 0.05. incubation time, or other procedural differences between methods. The higher temperature used for the ISNT should cause more hydrolysis to take place, and indeed, ISNT-N concentrations were greater than SLAN-N concentrations (Fig. 2) , but the variability was also generally higher (Table 2) . Although the longer incubation period used for the SLAN test may allow more hydrolysis to take place in time (although the lack of mixing during incubation may preclude any additional hydrolysis from happening), the heating step used in the ISNT likely brings about substantially more hydrolysis reactions than the longer incubation period in the SLAN test at room temperature.
The ISNT is reported to quantify soil amino-sugar N fractions, which are the principal N-containing components of bacterial cell walls (Kwon et al., 2009) , along with NH 4 + ) and some amide-N (Kwon et al., 2009) . Theoretically, the SLAN test should measure the same labile N fractions as the ISNT, but more research is needed to determine the specific labile fractions that the SLAN test measures. With respect to the plot integrity of our 1 × 1 m plots, there was very little movement of organic fertilizer from plot to plot, as evidenced by the distinct lines that demarcated the plots when low and high organic fertilizer rates were adjacent to one another (data not shown). Unlike row crop (e.g., maize [Zea mays L.] and soybeans [Glycine max (L.) Merr.]) or drilled grain (e.g., wheat [Triticum aestivum L.] and oat [Avena sativa L.]) plots, turfgrass plant populations are far greater per unit area that any of these commodity crops, and therefore larger plots were not needed. However, there was some transfer of clippings from adjacent plots during maintenance mowing, but we think this was of little consequence because we measured each individual plot for labile N concentrations. Any contribution of the clippings moving out of its respective plot into another plot was minor relative to the effect of the organic fertilizer applied to the plot, as indicated by the relationship between organic fertilizer rate and labile N concentrations as shown in Fig. 2 . The clippings that moved between plots might have a small effect on the relationship between organic fertilizer rates and soil test results, possibly at the low rates, but it likely does not affect the relationship between the two labile N tests. Even if the clippings did add some labile N to an adjacent plot, the soil tests should have measured it.
The plots were randomized within blocks, and we used all the individual plot values for the correlations, not the treatment means of the three blocks. The correlations between fertilizer rate and SLAN-N and ISNT-N are good for all years (individually and combined; Fig. 1 ). This suggests that plot integrity did not break down over the years. Otherwise, we would have seen a more variable response and decreasing correlations between organic fertilizer rate and SLAN-N or ISNT-N. In fact, the correlations Table 3 . Linear regression slopes, intercepts, r 2 values, and P values for the relationship between Illinois soil nitrogen test (IsNT)-N and solvita Labile Amino-Nitrogen (sLAN)-N concentrations as a function of organic fertilizer available nitrogen rates for soils under predominately kentucky bluegrass (kBg) and tall fescue (TF) lawn turf and for the combined results of both species from a study conducted from 2008 through 2013 in storrs, CT. [1977] ) at a = 0.05. ‡ Within columns, regression parameters for species within each year followed by the same uppercase letters are not significantly different according to Fisher's r to z-transformation (Fisher, 1973) at a = 0.05.
improve across years for this relationship. Therefore, we think the effects of yearly additions of organic fertilizer far outweigh any effects of the dispersed clippings via general maintenance mowing.
response of Illinois soil Nitrogen Test and solvita Labile Amino-Nitrogen Test Concentrations to Organic Fertilizer Available Nitrogen rates
In all cases, higher organic fertilizer rates led to both higher ISNT-N and SLAN-N concentrations (Fig. 2) . In the earlier years of the study, the native concentration of labile N, as indicated by the control plots, was relatively low and constant, and additions of the organic fertilizer used in the study (Suståne 5-2-4 all natural) did not quickly create large differences in soil labile N, especially in Kentucky bluegrass. This finding suggests that this specific organic fertilizer has a relatively stable organic matter fraction, and it may take multiple years before appreciable amounts of N are converted to labile forms.
The organic fertilizer used in this study contained 0.4% ammoniacal N, 0.4% water-soluble organic N, and 4.2% water-insoluble organic N; 5% of the organic fertilizer is N (Suståne Natural Fertilizer, Inc., 2016). Because ammoniacal N is readily measured by both the ISNT and SLAN procedures, differences in labile N measurements between the two tests presumably come from the organic fractions of the organic fertilizer. Only 8% of the total N in the organic fertilizer is inorganic and not derived from mineralization. Thus, 92% of the N applied as organic fertilizer was in an organic form that could contribute to N mineralization. Because plant and microbial residues, such as returned clippings, root turnover, and root exudates, contribute to labile soil N as well (Dormaar, 1990; Qian et al., 2003; Shen et al., 1984) , an even greater percentage of the total N found in the soil samples is presumably organic, and thus the test results likely indicate soil N mineralization potential.
Across years, the models of both species individually and combined showed a trend of increasing intercepts, slopes, and r 2 values for the relationships of ISNT-N and SLAN-N concentrations in relation to organic fertilizer rates (Table 3) . Between species, there were intercept differences in 5 out of the 6 yr, and slope differences in 3 of the 6 yr (slope differences occurred in odd years only), in both ISNT and SLAN regression models (Table 3 ). When significantly different, intercepts and slopes from tall fescue were always higher than those from Kentucky bluegrass.
This indicates that concentrations of labile soil N were at higher baseline levels in tall fescue and that the rate of increase of labile soil N was greater for tall fescue as organic fertilizer rates increased. The different grass species likely promote different fractions and amounts of SOM labile N due to differences in the amounts or the composition of root exudates and sloughed-off roots and due to differences in the types of microbial communities present in their respective rhizospheres. Although we did not find any direct comparisons of rhizosphere microbial activity between Kentucky bluegrass and tall fescue in the literature, it is known that different species of cool-season grasses tend to favor different soil microbial communities (Bardgett et al., 1999; Grayston et al., 2001 Grayston et al., , 2004 Innes et al., 2004) , and soils un- der different species of cool-season grasses can differ in their abilities to decompose and cycle nutrients (Innes et al., 2004) . It is well understood that different grass species produce different types and amounts of root exudates (Bais et al., 2006; Bertin et al., 2007; Pomilio et al., 2000; Xuan et al., 2006) ; that grass root exudates promote certain microbial communities (Kuiper et al., 2002; van Overbeek and van Elsas, 1995) ; and that climate and weather patterns (such as drought and heat stress), as well as nutrient deficiencies, can change the composition and amounts of root exudates in grasses (Henry et al., 2007; Malinowski and Belesky, 2000) .
Perhaps tall fescue rhizosphere microbial communities are more adept than Kentucky bluegrass rhizosphere communities at breaking down certain fractions of SOM present in the native soil (irrespective of the organic fertilizer applied) into SLAN-and ISNT-hydrolyzable molecules, or perhaps Kentucky bluegrass rhizosphere communities are more capable of entombing labile SOM particles or of immobilizing labile N, thus preventing their hydrolyzation during the ISNT and the SLAN test. Testing of soil microbial population and root exudate differences between these two species is needed to confirm this hypothesis. During our study, no consistent weather patterns were observed that could explain the observed differences in slopes (data not shown).
Using the solvita Labile Amino-Nitrogen Test as a predictor of Labile soil Nitrogen in Cool-season Turfgrass soils
The ISNT has shown good predictive properties in predominantly Kentucky bluegrass and tall fescue lawns in estimating turfgrass growth and quality and in the probability of response to N fertilization (Geng et al., 2014) . Similar to the ISNT, the SLAN test offers a good predictive ability for coolseason turfgrass growth and quality responses and in the probability of response to N fertilization (Moore et al., 2019) .
The SLAN test has been gaining acceptance as a measure of soil health and is recommended or included in soil health assessment tests currently offered from soil testing laboratories in the Canadian provinces of Quebec and Ontario and the states of New York, Tennessee, Georgia, South Dakota, and Maine. Our data also show that there is less variability associated with the SLAN test compared with the ISNT, as indicated by their respective coefficients of variation (Table 2) . The results of this study provide information about the SLAN test that may be helpful in current or future soil health assessments, especially when organic amendments are applied to soils. More field research is needed to correlate plant response to the SLAN test and to determine optimum time of sampling. Preliminary reports suggest that time of sampling could affect SLAN measurements, where earlier sampling resulted in higher concentrations than later sampling (Salon et al., 2016) . Timing differences could also be a function of soil N concentration and uptake. If the rate of N uptake is greater than the N mineralization, N concentration decreases, and the opposite occurs if N consumption is less than mineralization. We selected a single spring sampling time in our study because we wanted to mimic the routine soil sampling protocol currently used in turfgrass nutrient management.
Although our study is based on organic fertilizer decomposition, we believe that the SLAN test and the ISNT can be used to estimate N mineralization potentials in turfgrass soils fertilized with inorganic N fertilizer as well, provided that enough time passes (and enough precipitation occurs) between fertilizer application and soil sampling. For spring soil samples taken before fertilizer applications are made, this may hold true in our climate due to N losses over the winter (Guillard and Kopp, 2004) . Further research is needed to validate this claim.
sUMMArY AND CONCLUsIONs
Results from this study indicate that the SLAN test, like the ISNT, is capable of measuring soil labile N in cool-season turfgrass ecosystems. Large amounts of inorganic, exchangeable forms of soil N such as NH 4 + , however, can affect ISNT and SLAN test results. If soil samples are taken early in the spring prior to fertilization, it is probable that most excess inorganic N that was applied or that mineralized to NO 3 during the previous growing season will leach during the dormant season in humid climates and would not contribute to an overestimation of mineralization potential. Alternatively, ammoniacal N could be measured in soil samples and subtracted from the SLAN concentrations to obtain an estimate of the amino-sugar N concentrations that account for a large fraction of the labile N associated with SOM mineralization. Future research should address if these soil tests can be used in turf areas fertilized with inorganic N sources, and, if so, how long should turf managers wait (or how much precipitation should occur) after fertilization to sample the soil. The SLAN test has the potential to provide a relatively inexpensive and rapid method to estimate soil mineralization potential and therefore to offer the basis of developing an objective test to guide N fertilization of turfgrasses. The differences between ISNT-N and SLAN-N concentrations and responses to organic fertilizer rates suggest that the relationship changes depending on the type of vegetation and possibly the associated rhizosphere communities in the soil. Further research is needed to determine if the relationships found in this study are consistent for different types of soils, climates, and vegetation.
